Cerebral palsy (CP) is a common motor disability that may be congenital or acquired. Children with CP often have gait, balance, and posture abnormalities, some of which may be severe enough to interfere with safe ambulation or other activities of daily living. Nonsurgical and surgical interventions are part of the management plan for children with CP. Historically, surgeons addressed gait deviations individually and sequentially with single-level surgeries. However, computerized motion analysis and advances in orthopedic internal fixation devices have improved the outcomes for patients undergoing single-event multilevel surgery. This article provides perioperative RNs with a basic understanding of movement disorders that can be corrected with single-event multilevel surgery, the role of computerized motion analysis in making treatment decisions for ambulatory pediatric orthopedic patients with CP, and various treatment options for the movement disorders of children with CP.
1
Cerebral palsy affects the individual's ability to control muscles and his or her capacity to maintain balance and posture. 2 It occurs as the result of either abnormal brain development or damage to the developing brain. In 85% to 90% of individuals with CP, the brain damage occurs before or during birth. Risk factors for congenital CP include
• low birth weight,
• premature birth,
• multiple births,
• infertility treatments,
• infection during pregnancy, and
• jaundice and kernicterus. 2 In acquired CP, the child is born without CP but acquires brain damage before the brain is fully developed. Acquired CP occurs in up to 10% of individuals diagnosed with CP. Causes for acquired CP include
• infections of the brain (eg, bacterial meningitis, viral encephalitis),
• injuries to the developing brain (eg, accidents, falls, near-drowning, abuse), or
• conditions that affect blood flow to the brain (eg, cerebrovascular accidents, clotting problems). 2 Cerebral palsy is classified according to the type of movement disorder involved (Sidebar 1). The inability to control movement leads to impairments such as muscle weakness, abnormal muscle tone, static or dynamic muscle contracture, abnormal joint alignment, or reduced range of motion. Consequently, people with CP may have abnormal gait patterns. Many of these impairments require both surgical and nonsurgical interventions 3, 4 at various life stages.
Patients with complex musculoskeletal problems may require multiple surgical procedures at different joints and muscles to correct gait deviations and help them participate in age-appropriate activities. Historically, surgeons addressed these gait deviations individually and sequentially by a series of single-level surgeries, with the most obvious problem being addressed first. An example that illustrates this process involves a child with an equinus contracture at the ankle that results in the child standing or walking on his toes. After the surgeon corrects the child's ankle contracture, it becomes apparent that the child's tight hamstrings are preventing his knees from straightening. Therefore, the surgeon performs another procedure to lengthen the child's hamstrings. This process continues each time the patient recovers from surgery and a new problem is identified. Mercer Rang, an eminent pediatric orthopedic surgeon, referred to this as the "birthday syndrome" because children would often be hospitalized on a yearly basis for orthopedic surgery. 5 One cause for these sequential and frequent surgeries was the inability of the surgeon to evaluate and quantify multilevel gait abnormalities objectively.
Multiple factors have contributed to the evolution in gait abnormality management in patients with CP. The use of computerized motion analysis has allowed for a more complete and detailed identification of gait deviations, leading to the implementation of a more comprehensive treatment plan for patients with CP. Advances in orthopedic internal fixation devices improve the outcomes for patients undergoing single-event multilevel surgery (SEMLS) by allowing for more precise control of osteotomies, less casting, and earlier weight bearing and rehabilitation. The advantages of SEMLS include a single hospitalization, anesthetic, and rehabilitation period. In addition, using SEMLS can help to prevent secondary impairments such as muscle contractures that may occur when the surgeon addresses only a single problem. 6, 7 Some experts consider SEMLS to be the standard of care for improving function and gait in ambulant children with
Sidebar 1. Classification of Cerebral Palsy (CP)
Cerebral palsy is classified according to the type of movement disorder involved. 1 • Spastic CP affects approximately 80% of children with CP. Spastic CP involves increased muscle tone resulting in muscle stiffness or tightness. Spastic CP is further delineated as o diplegia (affecting mainly both legs), o hemiplegia (affecting mainly one side of the body), o triplegia (affecting three limbs, most commonly both legs and one arm), or o quadriplegia (the most severe form, affecting all four limbs, the trunk, and the face).
• Ataxic CP involves impaired coordination and balance.
• Dyskinetic CP involves uncontrollable movements with muscle tone that varies from too loose to too tight.
• Mixed CP is a combination of more than one type of CP. The most common type of mixed CP is spastic dyskinetic CP.
The standard classification system for CP is the Gross Motor Function Classification System, 2 based on self-initiated movements. The five basic levels are as follows.
• Level I: Walks without restriction; has limitations in more advanced gross motor skills. • Level II: Walks without assistive devices; has limitations walking outdoors and in the community.
• Level III: Walks with assistive mobility devices; has limitations walking outdoors and in the community.
• Level IV: Self-mobile with limitations; when outdoors or in the community, is transported or uses power mobility.
• Level V: Self-mobility is severely limited even with the use of assistive technology.
CP. [8] [9] [10] Common lower extremity soft tissue and bone procedures performed during SEMLS are illustrated in Figures 1 and 2 .
UNDERSTANDING THE GAIT CYCLE
Gait patterns are analyzed in a gait cycle, which is defined as the duration between two consecutive heel strikes of the same limb.
11 A gait cycle includes the stance phase (ie, the first 60% of the gait cycle), when the foot contacts the ground, and the swing phase, when the foot is in the air (Figure 3 ). Analyzing gait data in terms of gait cycle allows for a comparison of gait patterns that have different gait velocities. Supplementary Video 1 shows the gait cycle; the green vector demonstrates the ground reaction force.
COMPUTERIZED MOTION ANALYSIS
The technology used to perform motion analysis varies. Visual gait analysis requires only a video recording device with the capability of replaying in slow motion the images of the patient taken from the front and side. Three-dimensional computerized motion analysis uses sophisticated hardware and software and multiple cameras to capture images of the patient from different directions. The motion capture system detects the markers worn by the patient and converts the patient's body segmental movements into three-dimensional digital data. The markers are aligned with joint axes of movement (eg, ankle joint axis) or placed on anatomical landmarks (eg, left or right anterior superior iliac). The biomedical engineer records the marker positions with the cameras, measures the ground reaction forces with force plates, and analyzes these using biomechanical models to calculate joint (eg, hip, knee, ankle) angles, moments, and power.
Many gait models exist but, for routine clinical gait analysis, most motion analysis laboratories use the conventional gait model in which the lower limbs are represented as seven segments (ie, pelvis, upper legs, lower legs, feet). Shriners Hospitals for Children in San Francisco, California, 12 developed the conventional gait model. This model was later modified by the motion analysis laboratories at Newington Children's Hospital, Connecticut, and Helen Hayes Hospital, Haverstraw, New York. 13 The hip joint is modeled as a ball-and-socket joint with three degrees of freedom, while the ankle and knee joints are modeled as hinge joints with two degrees of freedom. The computer program allows motion capture to be depicted as multicolored stick figures that represent the marker connections or as walking skeletons that illustrate the bones and joints. Supplementary Video 2 is a tutorial video on a typical motion analysis laboratory, foot pressure system, surface electromyography, marker placement, computerized motion analysis, ground reaction force plates, and computer animation. 
The Motion Analysis Evaluation
Although specific testing protocols may vary in each motion analysis laboratory, the basic components of computerized motion analysis remain consistent. A video of the child's gait is made from the front (coronal) and side (sagittal) as the child is walking. This provides video documentation of existing gait abnormalities and allows the formation of an overall impression. The video can be watched in slow motion and enlarged for closer views of body segments, allowing for a more methodical examination of the child's gait.
Motion analysis includes a thorough clinical examination that focuses on the child's range of motion of joints, muscle strength and tone, motor control, and bony alignment. The clinical examination may provide insight to the anatomic abnormalities that lead to gait problem(s). This information must be combined with other components of the motion analysis to determine the underlying causes of the patient's gait abnormalities.
After the video and clinical examination are complete, the patient is outfitted with reflective markers, and computerized motion analysis, which evaluates the kinematics and kinetics 14 of the patient's gait, begins ( Supplementary  Figures 2 and 3; Figure 4 ). Kinematics refers to the movement of joints (eg, hips, knees, ankles) and body segments (eg, trunk, femurs, tibias, feet). Kinematics includes spatial and temporal gait parameters.
Computerized motion analysis laboratories have force plates embedded in the floor to evaluate the ground reaction forces, joint moments, and joint powers based on the kinematic calculations and ground reaction forces recorded during the computerized motion analysis. Kinetics provide discernment of the patient's functional weaknesses. Although muscle strength can be evaluated clinically, the findings may not correlate with actual muscle function occurring during the patient's gait. An abnormal bony alignment also may prevent muscles from working correctly, even if the muscles are strong. Areas where these force or kinetic measurements are used include the hip, knee, and ankle. Using the knee as an example, coronal plane kinetics calculated from gait analysis can help determine medial or lateral thrust of the knee caused by transverse plane deformities. This information can influence plans for clinical intervention. A patient's knee may appear to be in valgus (ie, angled outward from the midline), but the kinematics and kinetics may actually reveal a more complex set of problems, such as an internally rotated femur or an externally rotated tibia and flexed knee.
Foot pressure data provide information about the loading pattern of the foot during walking and can quantify the distribution of force over the plantar surface of the foot. The findings from foot pressure data studies may influence the surgeon's choices for surgical correction for lengthening, transferring tendons, or performing osteotomies of the foot. The foot pressure data can be collected by a variety of means that include taping pressure sensors to the sole of the patient's foot, placing them in the patient's shoes, or incorporating them into a pressure sensor mat ( Figure 5 ).
Electromyography (EMG) uses surface or fine-wire electrodes to record the electrical activities (ie, timing and relative intensity) produced by the skeletal muscles during contractions (Supplementary Figure 4) . Incorporating EMG in motion analysis has improved the treatment of patients with neuromuscular problems. 15 For example, information Figure 4 . A motion capture system used for gait analysis that includes 10 infra-red cameras, a video camera, and five force plates. The space defined by the grids is the target volume of motion capture.
from rectus femoris EMGs led to the development of surgical rectus femoris transfer procedures to correct stiff knee gait. Similarly, EMGs of the anterior and posterior tibialis muscles have been useful for planning surgical correction of varus foot deformities (ie, inward angulation of the foot) in patients with CP. 15 Information from EMG studies may be valuable for the surgeon making decisions about SEMLS because certain muscle procedures may be selected based on the timing of muscle activity.
Energy consumption testing can be used to measure gait efficiency and the energy required for the child to walk at a comfortable pace. This is done by measuring oxygen consumption, carbon dioxide production, heart rate, walking speed, or a combination of these. Comparing the patient's most recent energy consumption measurements with measurements from his or her previous studies also may Figure 5 . A foot pressure study uses a pressure mat sensor (a). Foot pressure data are presented as two-dimensional contours using a color scale that indicates pressure. Polygons of various colors define the areas: heel, midfoot, first metatarsal head, second through fourth metatarsal head, fifth metatarsal head, and great toe. The black box in each polygon indicates where the highest peak pressure of the area shows. The black trajectory is the center of pressure trajectory as the weight shifts from the heel to the great toe during walking (b). A plot of peak pressure over time (c). The color of each curve corresponds to the color of the polygon that defines the area. kPa = kilopascals (kPa = 1,000 Newtons per square meter). Figure 5 ), tone management, physical or occupational therapy, or surgery (Table 2 and Figures 6 and 7) .
The Role of Motion Analysis in SEMLS
Observational gait analysis can provide valuable information; however, it is subjective in nature, and the results depend on the observer's skill. Three-dimensional motion analysis provides more detailed quantitative information than observational gait analysis, leading to more accurate findings and identifying subtle deviations from normal that may be overlooked during observational analysis. This objective and quantitative data aids the interdisciplinary team in the decision-making process. Although team members' opinions may differ on management, correctly defining the patient's gait problem is the essential first step.
During gait analysis, a problem list is constructed using a systematic description of each joint deviation in each plane and phase of gait (ie, stance and swing). For example, the examiner may start in the sagittal plane by analyzing the foot contact pattern and then move to analysis of the knees, hips, and pelvis. After the sagittal plane problems have been identified, the examiner repeats the same sequence for the coronal and transverse planes. After a problem list has been created, the next step is to determine the potential causes of each deviation.
Joints do not function in isolation. The movements of each joint are affected by the positions and motions of the other joints. For instance, patients with CP may walk with their knees bent because there are flexion contractures of either the knee or hip. However, the cause also could be that the quadriceps muscle is weak or the foot is not positioned correctly to stabilize the knee.
The complexity of gait abnormalities varies and may require simple or in-depth analysis. The number and complexity of deviations increases the potential recommendations for treatment. One example of this is when a patient presents with a toe-toe pattern of foot contact in which the foot contacts the ground only on the forefoot and toes throughout the gait cycle. A normal foot contact pattern is from heel to toe. Toe walking is usually a sagittal plane problem at the ankle, but knee flexion in the stance phase also can cause this foot contact pattern. In this situation, lengthening the patient's calf is not indicated if the ankle motion is normal; instead, an intervention may be indicated at the knee. Inappropriate lengthening of a noncontracted calf may lead to excessive muscle weakness and a poor outcome for the patient. Quantitative gait analysis helps avoid this error by identifying the true ankle position, not just the foot contact pattern. Making treatment decisions based on observation alone can be misleading. Table 3 provides a list of team members and the role of each team member involved in motion analysis treatment planning.
INTERDISCIPLINARY TREATMENT PLANNING
Team members at Shriners Hospitals for Children, Portland, Oregon, hold weekly interdisciplinary planning meetings to review patient motion analysis findings, discuss various treatment options, and make treatment recommendations. The surgeon discusses recommendations from the team meeting with the family during an outpatient clinic visit, and the family and physician decide on the course of treatment.
If the treatment plan includes a surgical intervention, the medical staff members meet to review the proposed interventions one week before the scheduled surgery. All members of the clinical team, including nursing personnel, are encouraged to attend. The meeting attendees participate in interactive discussions of optimal patient treatments. At this time, the medical staff members discuss any procedure changes based on motion analysis reports or case review and the OR charge nurse notes any changes on the surgical schedule. The participation of perioperative personnel in the discussion allows for effective planning related to necessary supplies, equipment, and implants, which helps avoid unanticipated events.
Planning SEMLS
Gait is a complex interaction involving at least three joints in three different planes, and developing a treatment plan can be challenging. Understanding the interplay between joints is necessary to distinguish primary versus secondary gait deviations. For example, because ankle function influences knee position in the sagittal plane, in some instances single joint management is sufficient, whereas in other instances both the ankle and knee need to be addressed. Evaluating the role of each gait deviation in relation to overall function is a vital step in the process of correcting gait abnormalities in children with CP. Not all deviations can or need to be normalized; however, significant deviations should be managed with the goal of improving the child's gait efficiency.
Computerized motion analysis helps clinicians objectively and accurately understand gait abnormalities, which assists in treatment planning. [16] [17] [18] [19] The information provided by the computerized motion analysis, a thorough physical examination, and clinical input from other team members helps the surgeon formulate optimal treatment plans. Other factors considered by the interdisciplinary team during treatment planning include the patient's age, future growth potential, and risk of recurrence. A treatment plan also includes the scheduled postoperative management and physical or occupational therapy required to achieve the treatment goals. A case manager, social worker, and physical therapist are vital to coordinating the postoperative management of patients undergoing SEMLS.
With the advent of stable internal fixation devices for osteotomies, improved tendon lengthening and transfer methods, and lightweight orthotics, SEMLS has become the gold standard for the care of patients with CP. [16] [17] [18] 20 These advances make the rapid mobilization of the patient possible, reducing the recovery time. [16] [17] [18] 20 Although SEMLS has become the preferred method, surgical procedures may be intentionally staged because the outcome of the initial surgery can affect the decisions regarding additional surgical interventions. The decision to stage surgeries also may be influenced by a need to mobilize a patient after soft tissue surgery versus immobilizing the patient after bone surgery. A patient may not have the strength or control to limit weight bearing on the surgical side after a lower extremity osteotomy.
Regardless of the treatment plan that is implemented, motion analysis can assess the outcome of the interventions (Table 4) . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Postoperative motion analysis is usually conducted one year after the surgery.
Performing SEMLS
After the child's gait problems have been identified and the procedures to correct them have been chosen, the SEMLS is performed (Supplementary Sidebar 2) . The surgeon obtains informed consent from the patient or Before beginning the surgery, the surgeon performs an examination with the patient under general anesthesia to verify clinical findings because some findings may change when the patient is under general anesthesia. Many patients have difficulty relaxing in the clinic, and young patients may be uncooperative during a clinical examination performed while they are awake and active. The decision as to whether the possible or probable procedures included on the consent form will be performed is based on the results of this examination.
Each surgeon has his or her own preference for the sequence of performing a SEMLS. Whatever this preference may be, clear communication between the perioperative RN and other members of the surgical team is of utmost importance.
Some children with CP have upper extremity as well as lower extremity involvement. In procedures during which an upper extremity surgeon and a lower extremity surgeon are both performing SEMLS procedures at the same time, two surgical teams are required. When multiple procedures are performed on multiple limbs, the soft tissue procedures are generally performed first followed by the osteotomy procedures to minimize any risk to the stability of bone fixation. Conversely, sometimes the patient's underlying bone malformation must be corrected before tension can be adjusted on transferred tendons. Other factors that may determine procedural order include the patient's position and whether a tourniquet is used.
EXEMPLAR 1: PATIENT M UNDERGOING UNILATERAL SEMLS
Patient M was born at 33 weeks' gestational age. Because of respiratory difficulties, he remained in the neonatal intensive care unit for several weeks after birth. His parents grew concerned when he failed to meet developmental milestones, and at 14 months of age, patient M was diagnosed with spastic triplegic CP affecting predominantly his left side with some involvement of his right lower extremity. He began walking at two years of age. At age five, the spasticity in his left leg was treated with botulinum toxin injections to the left gastrocnemius and hamstrings. When he was eight years old, patient M underwent surgeries for a left leg Achilles tendon and posterior tibialis lengthening, and a botulinum toxin injection to his left hamstring.
After the surgeries, patient M continued to experience balance control problems, though he was able to walk, run, and play. Patient M's parents would like him to have better balance and be able to ambulate with a more normal-appearing gait. At age nine years and five months, his physician referred him for a computerized motion analysis for progressive gait abnormalities including flexed knee gait and in-toeing. Because in-toeing may be caused by rotational problems at the pelvis, femur, tibia, foot, or a combination, a computerized motion analysis will help to identify the primary cause of patient M's in-toeing.
Preoperative Motion Analysis
Key findings and recommendations from patient M's preoperative motion analysis included the following.
• Increased knee flexion with stiff knee gait, left. Kinematics showed increased knee flexion at initial contact and midstance, resulting from hamstring tightness. His left knee flexion was reduced significantly in the swing phase, indicating a stiff knee gait, which in his case is caused by tightness of the rectus femoris. Patient M's physical examination revealed mild hip and knee flexion contractures; there also was tightness in his straight leg raise, popliteal angle, and prone knee flexion.
• In-toeing, left greater than right. Kinematics demonstrated left femoral rotation that remained significantly internal to normal throughout the gait cycle; the right femoral rotation was close to normal. His tibial rotation was at the internal end of the normal band bilaterally. His foot progression angles were markedly internal to normal on the left and slightly internal to normal on the right. Patient M's physical examination showed more internal than external hip rotation bilaterally, confirming medial femoral rotation with more severe asymmetry on the left side than on the right. His transmalleolar axes and foot-thigh angles were slightly internal to normal bilaterally, indicating only mild tibial torsion. Motion analysis helped to determine that the primary cause of patient M's in-toeing was internal femoral rotation, left greater than right.
Based on patient M's preoperative motion analysis, the interdisciplinary team recommended femoral derotational osteotomy, hamstring lengthening, and rectus femoris to semitendinosus tendon transfer on the left side. The surgeon discussed the recommendations with the family, who elected to proceed with the surgical procedures. Patient M's SEMLS was performed six months after his motion analysis.
SEMLS Procedures
After patient M was under general anesthesia, the surgeon performed a thorough preoperative examination to evaluate his range of motion. Patient M was then positioned prone and the surgeon identified and lengthened the medial and lateral sides of the hamstring tendons. The surgeon then identified the semitendinosus tendon and stripped the tendon from its superior attachment using a tendon stripper.
Patient M was then repositioned supine and the surgeon performed a distal femoral osteotomy with plate and screw fixation, achieving 35 degrees of external rotation. The surgeon mobilized and transferred the rectus musculature to the medial aspect of the wound, wove the semitendinosus tendon through the rectus tendon, and secured it with suture.
At the completion of patient M's SEMLS surgery, an orthotist placed patient M in a hinged knee brace. Patient M required three days of hospitalization for pain management and resumption of safe mobilization. He did not bear weight on his left leg for five weeks, after which he began working on range of motion, standing, and gait training. The surgeon counseled patient M and his family that it could take up to a year before he demonstrated a consistent improvement in gait.
Postoperative Motion Analysis
Key findings and recommendations from patient M's 16-month postoperative motion analysis included the following.
• Increasedkneeextensioninmidstance,left. Kinematics show increased knee extension in midstance. His physical examination shows improvements in straight leg raise and popliteal angle.
• Increased arc of knee motion, left. Kinematics shows significantly increased arc of knee motion. His physical examination shows increased prone knee flexion.
• Decreased internal femoral rotation, left. Kinematics shows that his femoral rotation and foot progression angles have shifted from internal rotation preoperatively to within the normal band postoperatively. His physical examination shows increased range of external femoral rotation.
Although no surgery was performed on patient M's foot, the foot pressure analysis shows improvements in loading, pressure distribution, and center of pressure trajectory. All of the surgical goals for patient M were met. He showed marked improvements in kinematics, foot pressure, and physical examination measurements. The family is satisfied with the outcome of the surgeries, and they are pleased with patient M's improved gait (Supplementary Figure 6 and Supplementary Video 3).
EXEMPLAR 2: PATIENT S BILATERAL SEMLS
Patient S is an 11-year-old girl who walks with braces. She has diplegic spastic CP, Gross Motor Function Classification System level II. She was born at 38 weeks' gestation via cesarean delivery for fetal bradycardia, and weighed 7 lb 10 oz. There were no complications at the time of her birth, and she was discharged home three days after delivery. At the age of three months, patient S was hospitalized with pneumonia. She was intubated for three weeks in a pediatric intensive care unit.
Patient S was able to sit up at eight months. At nine months, when she started standing and walking while holding onto furniture, her parents noted that she seemed to be dragging her right foot. Patient S was subsequently assessed by a pediatrician as well as a pediatric neurologist, who referred her for magnetic resonance imaging of the brain and thoracolumbar spine, which were found to be normal. She was given a possible diagnosis of CP and was fitted with a right ankle foot orthosis to correct her right foot drag.
At age 23 months, patient S was referred to Shriners Hospitals for Children, Portland, Oregon, because of bilateral toe-walking gait. Until eight years of age, patient S underwent treatment with physical therapy, a series of botulinum toxin injections to her gastrocnemius and hamstring muscles, and serial casting. When she was eight years old, her calf muscles developed contractures as a consequence of her growth and spasticity. Because of changes in her walking pattern, her physician referred patient S for a computerized motion analysis, which resulted in a recommendation from the interdisciplinary team for bilateral calf lengthening procedures to address her contractures. Patient S underwent surgery without complication. Her outcome was quantified with a one-year postoperative motion analysis that demonstrated improved range of dorsiflexion and improved ankle sagittal kinematics with no adverse effects.
Patient S transitioned to a posterior leaf spring ankle foot orthosis. Her mobility was acceptable until the age of 11 years when she began to experience unsteadiness and falls after a period of rapid growth. Her physician performed observational gait analysis and identified bilateral in-toeing with equinus and persistent knee flexion because of hamstring tightness. To quantify these gait abnormalities and assist in treatment planning, her physician referred patient S for a computerized motion analysis, which was performed when she was 11 years, 11 months old.
Preoperative Motion Analysis
Key findings and recommendations from patient S's preoperative motion analysis included the following.
• Increased knee flexion in gait, right greater than left. Kinematics showed increased knee flexion in stance with a reduced total arc of motion, right side greater than left. Her physical examination showed passive full knee extension. Her straight leg raise and popliteal angles revealed hamstring tightness. The interdisciplinary team recommended bilateral hamstring lengthening procedures.
• Increased plantarflexion, right greater than left. Kinematics showed increased plantarflexion throughout gait, right side greater than left. Her foot pressure study showed a toe-toe contact pattern with no pressure on the heel and midfoot. Patient S's physical examination showed plantarflexion contractures with knee flexion and with knee extension, right side greater than the left. The team recommended bilateral calf lengthening procedures to address both the soleus and gastrocnemius muscles.
• Internal femoral rotation, bilateral; external tibial rotation,right. On the right, kinematics showed slight internal femoral rotation and external tibial rotation, with foot progression angles close to normal. On the left, kinematics showed that her femoral rotation, tibial rotation, and foot progression angles were significantly internal to normal throughout the gait cycle. Coronal plane kinetics showed increased medial knee thrust on the right, which was of concern because thrust can cause strain and lead to arthritis. Her physical examination showed an internal prone hip rotation arc with reduced range of external rotation bilaterally. Transmalleolar axes and thigh-foot angles were external to normal on the right side. The team recommended bilateral distal femoral derotational osteotomies and a right tibial derotational osteotomy.
SEMLS Procedures
To improve the alignment of her lower extremities and the efficiency of her gait, patient S underwent multilevel bony and soft tissue procedures soon after the motion analysis. After patient S was under general anesthesia, she was positioned prone and the surgeon performed
• bilateral hamstring semitendinosus and gracilis tenotomies,
• right semimembranosus lengthening,
• right Z-lengthening of her Achilles tendon, and
• left gastrocnemius recession.
Patient S was then repositioned supine and the surgeon performed
• right distal fibular osteotomy to allow rotation of the tibia,
• right distal tibial rotational osteotomy with plate and screw fixation to obtain correction of 25 degrees of internal rotation of the distal segment of the tibia,
• right distal femoral osteotomy in which the distal fragment of femur was externally rotated 25 degrees and secured using plate and screw fixation, and
• left femoral derotation osteotomy achieving 30 degrees of external rotation secured using plate and screw fixation.
After completing the surgical procedures, the surgeon applied below-the-knee fiberglass casts to patient S's lower extremities with the ankles in a neutrally dorsiflexed position. The orthotist then applied bilateral knee immobilizers.
Postoperative Motion Analysis
Twelve months after her SEMLS, patient S and her parents were pleased with the overall results of the procedures, and she underwent a postoperative gait study. Key findings and recommendations from the postoperative motion analysis included the following.
• Decreasedkneeflexioningait,bilateral. On the right, kinematics continues to show mild increased knee flexion in stance and a decreased arc of motion, which are similar to her preoperative measurements; however, she has improved knee extension in midstance when she wears bilateral posterior leaf spring ankle foot orthoses. On the left, patient S's knee flexion is significantly improved compared with her preoperative measurements and she has an improved arc of motion. Her postoperative physical examination measurements show improved straight leg raise and popliteal angles.
• Plantigrade gait, bilateral. Ankle sagittal kinematics show significant improvement with decreased plantarflexion, left side greater than right. On the right side, she has some residual plantarflexion in midstance that is likely used to assist knee extension. She has a mild foot drop at the end of swing bilaterally; this is corrected with her bilateral posterior leaf spring ankle foot orthoses. Her preoperative foot pressure study shows a toe-toe contact pattern bilaterally. Postoperatively, her contact pattern is foot-flat bilaterally with reduced heel pressure. Patient S's physical examination shows improved range of dorsiflexion postoperatively. The team recommended that she continue to use the bilateral posterior leaf spring ankle foot orthoses to control her foot drop in swing.
• Decreased internal femoral rotation, bilateral. Kinematics shows postoperative femoral rotations are within the normal range. Her knee thrust has improved compared with the coronal plane kinetics seen preoperatively. Her corresponding foot progression angles are on the internal edge of norms bilaterally. Patient S's physical examination shows her hip rotations are close to normal.
• Decreased external tibial rotation, right. Kinematics shows improvement of tibial rotation from external to within the normal range. Her foot progression angle is near the normal range. Patient S's physical examination shows postoperative correction of the transmalleolar axis.
All of the SEMLS surgical goals for patient S were met. Although some kinematic abnormalities are still present, such as mild persistent knee flexion on the right side, her gait velocity has improved and is more efficient. After reviewing preoperative and postoperative motion analyses, the interdisciplinary team believed that additional surgical correction would provide minimal functional improvements. Because her postoperative motion analysis
Key Takeaways
 Patients with cerebral palsy may require multiple surgical and nonsurgical interventions to correct their gait abnormalities and enable them to participate in age-appropriate activities.
 The advantages of single-event multilevel surgery (SEMLS) include a single hospitalization, anesthetic, and rehabilitation period.
 Computerized motion analysis uses sophisticated hardware and software and multiple cameras to capture images of the patient from different directions and to convert the patient's body segmental movements into three-dimensional data.
 Many patients undergoing SEMLS provide consent for multiple probable or possible procedures on multiple limbs. The anticipated surgical procedures may change after the surgeon performs a physical and fluoroscopic examination with the patient under general anesthesia. Therefore, a comprehensive time out with all members of the surgical team is essential.
 The surgical team must use extreme vigilance when verifying correct placement of the pneumatic tourniquet cuff because SEMLS may involve exsanguination of multiple limbs and multiple inflations and deflations.
shows greater efficiency and velocity in gait, no additional surgical procedures are indicated (Supplementary Figure 7 and Supplementary Video 4).
CONCLUSION
Single-event multilevel surgeries are complex procedures for surgical teams, requiring organization, skill, and attention to details. Extensive planning is involved in the care and treatment of gait dysfunction and movement disorders in patients with CP, and performing multiple surgeries in a single event is an intricate task. Perioperative RNs must become familiar with the evolving technology that is increasingly a part of perioperative nursing practice.
Motion analysis plays an important role in surgical decision making. Computerized motion analysis is an excellent example of evidence-based care with clinical applications that play an increasing role in the care of surgical patients. Like other evolving technology, the use of computerized motion analysis depends on clinicians having the aptitude and inclination to apply the technology correctly in clinical settings.
Computerized motion analysis provides objective and quantitative data that improves our understanding of the etiology of gait abnormalities and provides valuable data for making decisions before SEMLS as well as augments and optimizes treatment plans for the movement disorders of patients with CP. Perioperative RNs play an important and challenging role in the complex care of these patients.
